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Altered fatty-acid, protein, oil, and starch corn lines and method for
producing same
Abstract
Improved corn lines having high protein and/or oil content and a method for producing such a lines. In
another embodiment, improved corn lines having high oleic fatty-acid content, and/or either elevated or
lowered saturated fat content, and a method for producing such a lines. In yet another embodiment, improved
corn lines having a starch composition including starch components having a lower peak onset, having lower
or higher enthalpy of gelatinization (cal/g), having lower or higher range of gelatinization (° C.), and/or
having lower or higher percentage retrogradation. According to the present invention, new genes are
introduced from a novel source, viz. Tripsacum dactyloides L., into the Corn-Belt genome or other
conventional corn lines and thus the genetic diversity is increased and germplasm and value-added trait
enhancement are allowed through traditional plant breeding practices. Introgression merges Tripsacum
genetic material into the corn breeding stock. Selection for lines having desired characteristics from the corn
lines as well as having improved protein, oil, and/or starch characteristics provides the improved breeding
stock of the present invention. In one embodiment, selection is based on near-infrared reflectance
measurement of protein, oil, and/or starch of seed. In another embodiment, selection is based on differential
scanning calorimetry measurement of starch thermal characteristics. In yet another embodiment, selection is
based on gas chromatographic measurement of fatty-acid oil composition of seed. In some embodiments,
particular types of fatty acids are selected for in the breeding process.
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Improved corn lines having high protein and/or oil content 
and a method for producing such a lines. In another 
embodiment, improved corn lines having high oleic fatty 
acid content, and/or either elevated or loWered saturated fat 
content, and a method for producing such a lines. In yet 
another embodiment, improved corn lines having a starch 
composition including starch components having a loWer 
peak onset, having loWer or higher enthalpy of gelatinization 
(cal/g), having loWer or higher range of gelatinization (° C.), 
and/or having loWer or higher percentage retrogradation. 
According to the present invention, neW genes are intro 
duced from a novel source, viz. Tripsacum dactyloides L., 
into the Corn-Belt genome or other conventional corn lines 
and thus the genetic diversity is increased and germplasm 
and value-added trait enhancement are alloWed through 
traditional plant breeding practices. Introgression merges 
Tripsacum genetic material into the corn breeding stock. 
Selection for lines having desired characteristics from the 
corn lines as Well as having improved protein, oil, and/or 
starch characteristics provides the improved breeding stock 
of the present invention. In one embodiment, selection is 
based on near-infrared re?ectance measurement of protein, 
oil, and/or starch of seed. In another embodiment, selection 
is based on differential scanning calorimetry measurement 
of starch thermal characteristics. In yet another embodiment, 
selection is based on gas chromatographic measurement of 
fatty-acid oil composition of seed. In some embodiments, 
particular types of fatty acids are selected for in the breeding 
process. 
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ALTERED FATTY-ACID, PROTEIN, OIL, 
AND STARCH CORN LINES AND METHOD 
FOR PRODUCING SAME 
This application claims the bene?t of provisional Appli 
cation No. 60/080,406, ?led Apr. 2, 1998. 
FIELD OF THE INVENTION 
This invention relates to the ?eld of corn plants, and more 
speci?cally to improved corn lines having improved nutra 
tive content and to a method for producing such lines. 
BACKGROUND OF THE INVENTION 
Corn is the major crop on the cultivated land of the United 
States, Where over 70 million acres Were planted in 1995. 
US. corn production, accounting for about half of the 
World’s annual production, added over $23.5 billion of value 
to the American economy in 1995 as a raW material. 
Products derived from corn are used for human 
consumption, as raW material for industry and as raW 
material for the production of ethanol. The primary use of 
farmer-produced ?eld corn is as livestock feed. This 
includes feed for hogs, beef cattle, dairy coWs and poultry. 
About 60 percent of corn production is used for feeding 
livestock and poultry. A small increase in value to this 60% 
segment of the corn market, such as an increase of 10 cents 
per bushel, Would increase its annual value by $480 million 
for an eight-billion bushel total corn harvest. 
Human consumption of corn includes direct consumption 
of sWeet corn, and consumption of processed-corn products 
such as cereals and snacks Whose manufacture involves 
extruder cooking (e.g., CheetosTM), ground corn eaten as 
grits, corn meal and corn ?our. Corn oil is also used as a 
high-grade cooking oil and salad oil, and in margarine. Corn 
is used in the production of some starches, sugars (e.g., 
fructose) and syrups. Another important use is in the pro 
duction of sWeeteners, such as corn syrup used in soft drinks. 
Wet-milling and dry-milling processes also produce corn 
starch and corn ?our that have applications in industry. 
These include use as elements of building materials, and in 
products used in the paper industry and in the manufacture 
of textiles and starches. 
The seed of an inbred corn line, the plant produced by the 
inbred seed, hybrid seed produced from the crossing of the 
inbred to another inbred, the hybrid corn plant groWn from 
said seed, and various parts of the inbred and hybrid corn 
plant can thus be utiliZed for human food, livestock feed, and 
as a raW material in industry. 
Theories About the Origin of Corn 
According to Dr. Beryl B. Simpson of the University of 
Texas at Austin, there are three main theories on the origin 
of corn. 
1. Tripartite Theory (Mangelsdorf): 
The Tripartite Theory suggested in 1939 by Mangelsdorf 
(Mangelsdorf, P. C. and Reeves, R. G., 1939, The origin of 
Indian corn and its relatives, Texas Agric. Exp. Stn. Bull. 
574:1—315) stated: 
A. The ancestor of cultivated maiZe Was both a popcorn 
and a pod com. (This point has been borne out by the 
archaeological record.) 
B. Teosinte is not the direct ancestor of maiZe but instead 
a taxon produced by hybridiZation of maiZe and Trip 
sacum. 
This point in Mangelsdorf’s original tripartite theory is 
controverted by more recent ?ndings indicating that annual 
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teosinte resulted from a hybridiZation betWeen maiZe and 
perennial teosinte Zea diploperennis. 
C. Many modern varieties of maiZe have undergone 
genetic introgression from teosinte or Tripsacum or, 
both either directly or via hybridiZation With other land 
races that hold different and distinct genetic blocks or 
DNA sequences. (Introgression involves incorporation 
of foreign genetic material into a line of breeding 
stock.) This notion of the role of introgression has 
greatly increased understanding of racial variation in 
maiZe. 
2. “Teosinte as an Ancestor” Hypothesis (Galinat, Beadle) 
In this theory, the female “cob” of teosinte became the cob 
of modern corn and the male in?orescence (tassel) of 
teosinte is the equivalent of the modern tassel of corn. 
Galinat has suggested that the differences betWeen corn and 
teosinte can be reduced to three distinguishing features that 
separate the teosinte ear from that of a maiZe cob: a single 
spikelet per cupule versus tWo kernels in each cupule in 
maiZe, a tWo-ranked arrangement in teosinte (but appearing 
single by abortion in the “cob”) as opposed to many-ranked 
(multiple roWs of kernels) in maiZe, and shattering rachis 
(cob) in teosinte vs. fused rachis (cob) in maiZe. The changes 
in teosinte that led to maiZe are a consequence of both lateral 
branch condensation (reduction) and genetic mutations that 
Were favored by humans in the process of domestication. 
Galinat has proposed a series of stages leading from 
teosinte to the primitive maiZe cob. He discovered them by 
studying the anatomical origin of the cupule in the maiZe cob 
and by breeding teosinte against a background of Nal-Tel 
corn. Further breeding of the F2 population With teosinte and 
Nal-Tel resulted in an assorted group of plants including 
potential ancestral forms. Doebley has recently demon 
strated the numbers and locations of the genes responsible 
for the major differences betWeen corn and teosinte. There 
are ?ve major genes and some pleiotropic genes involved. 
3. CSTT or Catastrophic Sexual Transmutation Theory 
(Iltis) 
According to this theory devised by Hugh Iltis, the 
modern corn cob is a transformed male teosinte rachis. The 
socket for the male ?oWer evolved into a cupule to provide 
support for tWo developing kernels. Each teosinte spikelet 
consists of a pair of a fertile and a sterile ?oret. In the process 
of sexual transformation, the sterile ?oret became sexual 
again, producing tWo kernels (tWo-ranked) in each cupule 
leading to an expressed tWo-ranked condition. The siZe of 
the cob can expand because the male tassel has numerous 
rachises holding the ?orets (teosinte fruits are single ranked 
and pressed to the single rachis). As each tassel branch 
becomes fertile a longer cob is possible. Furthermore, the 
initial cob should have four kernel roWs as a result of the 
alternation of ?oral segments. If these tWist around, then the 
roW number increases as the ear becomes more compact. 
None of these morphological changes require neW genes, 
merely a sWitch in the development pattern—a sWitch that is 
sometimes seen in abnormal corn male tassels. 
Recently Etis has modi?ed his vieW of the “transforma 
tion” of male into female in?orescences (still Catastrophic 
Sexual Transmutation Theory). HoWever, John Doebley has 
genetic data that shoW Which genes control the characters 
that cause the differences in the ears of teosinte and maiZe. 
Corn Breeding 
Modern commercial corn is generally a hybrid maiZe 
plant (Zea maysL.) groWn from seed of a cross of tWo inbred 
lines. Other sources of corn have been neglected because of 
the vastly superior yield that has developed over time by 
US 6,639,132 B1 
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various breeding programs. Typically, a modern maize 
inbred line is self-pollinated, sib-crossed, and/or back 
crossed in order to concentrate reliably inheritable charac 
teristics into that inbred line. 
According to US. Pat. No. 5,728,922 issued Mar. 17, 
1998 to Albert R. Hornbrook (Which is incorporated herein 
by reference), maiZe is a highly variable species. For hun 
dreds of years, maiZe breeding consisted of isolation and 
selection of open-pollinated varieties. Native Americans 
developed many different varieties since the domestication 
of maiZe in prehistory. Theories about such domestication 
are described above. During the course of the nineteenth 
century, North American farmers and seedsmen developed a 
Wide array of open-pollinated varieties, many of Which 
resulted from an intentional or an accidental cross betWeen 
tWo very different types of maize: the Southern Dents, Which 
resemble varieties still groWn in Mexico, and the Northern 
Flints, Which seem to have moved from the Guatemalan 
highlands into the northerly parts of the United States and 
into Canada. The open-pollinated varieties Which Were 
developed during this time Were maintained by selection of 
desirable ears from Within the variety for use as foundation 
seed stock. The only pollination control Which Was practiced 
to generate the seed Was isolation of the seed crop from 
pollen from other varieties. Experimentation With inbreed 
ing in open-pollinated varieties shoWed that it invariably led 
to a marked reduction in plant vigor and stature, as Well as 
in productivity. 
In the early tWentieth century, researchers discovered that 
vigor Was restored When an inbred line from an open 
pollinated variety Was crossed to another, usually unrelated, 
inbred line, and that the resulting hybrids Were not only 
more uniform than open-pollinated varieties, but in many 
cases Were more productive as Well. Many of the inbreds 
developed from open-pollinated varieties Were remarkably 
unproductive, hoWever, Which made F1 seed quite expen 
sive to produce in any volume. By the 1930’s seedsmen 
Were offering four-Way (or double) crosses to groWers. 
These consisted of a cross betWeen tWo single crosses, 
Which in turn Were each crosses betWeen tWo inbred lines. 
In this Way, only a small quantity of single-cross seed Was 
required, and the seed sold to groWers Was produced on F1 
hybrids. Four-Way crosses dominated the seed industry until 
the late 1950’s, When three-Way crosses Were offered to 
groWers, consisting of seed produced on a single-cross 
hybrid With an inbred line as the pollinator. Through the 
efforts of public and private maiZe breeders, inbred lines 
Were selected to be more productive and vigorous than the 
earlier selections from the open-pollinated varieties, and by 
the early 1970’s, single-cross seed Was readily available to 
groWers. Presently, the overWhelming majority of hybrid 
corn seed sold in the United States is single-cross maiZe 
seed. 
Among the major reasons for the economic importance of 
corn and the large acreages planted With the crop are the 
successful hybridiZation of the maiZe plant and the contin 
ued improvement, by researchers, of the genetic stock that is 
used to produce the seed groWn by farmers. This process has 
been on-going since its beginning in the early part of the 
century. The average bushel-per-acre yield for the American 
farmer has gone from around 30 in the middle of the 1930’s 
(before hybrids became dominant) to the present average of 
close to 120. While not all of this four-fold increase can be 
attributed to genetic improvement (availability of relatively 
cheap nitrogen and improvements in farming practices are 
tWo other components), a good share of it can. 
The physical structure of the maiZe plant provides the 
maiZe breeder With opportunities either to cross a plant With 
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another plant or to self-pollinate a given plant. Since the 
male in?orescence (the tassel) and the female in?orescence 
(the ear) are physically separated from each other on the 
plant, the breeder has the ability to mate plants as desired 
With relative ease. Similar physical manipulations are used 
both for cross-pollinating and for self-pollinating a maiZe 
plant. The silks (stigmae of maiZe female ?orets) are pro 
tected from pollination until pollen is collected from the 
male in?orescence. For cross-pollination, pollen from one 
plant is distributed on the silks of another plant, While for 
self-pollination, pollen from a plant is distributed on silks of 
the same plant. Sib-pollination is a type of cross-pollination 
in Which both plants are closely related genetically. Cross 
pollinating and self-pollinating techniques are used in the 
development of inbreds Which, When crossed, produce seed 
of commercially available maiZe hybrids. Self-pollination 
and sib-pollination increase the level of inbreeding in prog 
eny plants, leading to ?xation of alleles. 
With continued inbreeding comes a large reduction in 
vigor and productivity. This phenomenon is knoW as 
inbreeding depression. The progeny from the crossing of 
tWo inbred lines is a ?rst-generation (F1) hybrid, Which has 
better productivity and agronomic characteristics than either 
of the inbred parents. This phenomenon is called hybrid 
vigor or heterosis. Heterosis is reduced markedly in suc 
ceeding generations (F2, F3, etc.), making it economically 
justi?able for the farmer to obtain F1 seed each year for 
planting. As a result, the hybrid maiZe seed industry bene?ts 
both farmers and producers of hybrid maiZe seed. 
The method of hybridiZation in maiZe ?rst involves the 
development of inbred lines. Inbred lines are commonly 
developed through some variation of pedigree breeding, 
Wherein the plant breeder maintains the identity of each neW 
line throughout the inbreeding process. To initiate the pedi 
gree breeding process, the breeder may make an F1 cross 
betWeen tWo existing inbred lines Which complement each 
other for traits for Which improvement is desired, and Which 
cross Well With other inbreds from other genetic back 
grounds to make commercial hybrids. The F1 is selfed to 
provide F2 seed (also called the S1 seed), Which is planted 
and selfed to produce the S2 or F3 generation. S2 lines are 
planted ear-to-roW, and self-pollinations are made Within 
individual roWs. RoWs Which do not provide a desirable 
phenotype are discarded. Selected ears are planted ear-to 
roW, and this process repeats until substantial homoZygosity 
is attained, usually by the S6 or S7 generation. Once 
homoZygosity is attained, the inbred can be maintained in 
open-pollinated isolations. At some point during the breed 
ing process, the inbred lines are crossed to a tester inbred 
line of a different genetic background and evaluated in 
replicated yield tests. Lines that result in inferior crosses 
With the tester inbred line are discarded. 
MaiZe breeders, in general, structure their efforts to take 
advantage of knoWn heterotic patterns; that is, they use their 
knoWledge of Which inbreds make good hybrids With Which 
other inbreds, and they ensure that genetic material from 
these heterotic pools does not cross over into opposing 
pools. A highly successful heterotic pattern in the United 
States Corn-Belt has been to use lines from a population 
knoWn as IoWa Stiff Stalk Synthetic crossed With lines 
having more or less of a Lancaster background to provide 
hybrids for groWers (Lancaster Was a relatively unimportant 
open-pollinated variety, until it Was discovered in the early 
years of inbred/hybrid development that it provided an 
outstanding source of lines With good general combining 
ability). Other heterotic patterns have also been developed, 
primarily for the northern and southern regions of the United 
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States. Breeders have understandably been reluctant to use 
competitive private company hybrids as source material, 
because, in such instances, usually it Will not be knoWn 
Where derived lines ?t in a heterotic pattern (Hallauer et al., 
“Corn Breeding”, Corn and Corn Improvement pp. 
463—564, (1988)). As Well, using competitors’ hybrids as 
source germplasm risks the dispersal of existing heterotic 
patterns: many breeders feel that introducing, for example, 
Lancaster material into an IoWa Stiff Stalk background 
Would lessen their ability to develop lines Which could be 
crossed to Lancaster-derived inbreds. Unless it is knoWn that 
a competitor’s hybrid Was genetically distinct from a breed 
er’s oWn material, it is considered to be a more risky 
approach to improvement of a heterotic pool than utiliZing 
knoWn material. 
While a maiZe breeder might anticipate that a source 
population is capable of providing a certain degree of 
variation, that variation ?rst has actually to occur, and then 
to be identi?ed by the breeder. Most variants are expected to 
fall betWeen the parental values for any given trait; only very 
exceptional individuals Will exceed the better parent (or be 
Worse than the Worse parent) for a trait. This is especially 
true When a trait is determined by a large number of genes, 
each having a relatively small effect on the trait. Most traits 
of interest to the maiZe breeder, including productivity, 
maturity, and stalk and root quality, are such traits. To 
complicate matters further, high negative correlations occur 
in maiZe betWeen productivity, maturity, and stalk quality. A 
breeder may be able to improve yield, but at the expense of 
stalk quality or later maturity. The occurrence of an indi 
vidual With a combination of superior traits is very rare. 
Even if the individual does occur in a sample of the source 
population, the breeder often lacks the resources required to 
identify that individual. Traits of loW heritability, such as 
productivity, must be evaluated in several locations to be 
accurately evaluated. Only a very limited number of geno 
types can be tested because of constraints upon resources. 
Thus, a breeder may miss the desired individual, simply 
because he cannot evaluate all genotypes produced by the 
source population. 
Avaluable lesson Was learned years ago about the expec 
tation of the success of progeny improvement methods. The 
inbred Wf9 Was developed in Indiana, and released to seed 
groWers in the mid-1930’s. Despite having several agro 
nomic de?ciencies, it became the most Widely used inbred 
during the double-cross era of maiZe seed production. It 
naturally became the basis for numerous public improve 
ment projects. Despite having abundant resources applied to 
the objective of developing an improved Wf9, no inbred 
from the public sector With a Wf9 background ever sup 
planted Wf9 in seed-production ?elds. Asimilar story can be 
told about A632, at one time the predominant seed line for 
Northern Corn-Belt hybrids. Many public breeders tried to 
improve on A632, but no A632-derived line from the public 
sector achieved the prominence of A632, and it Was even 
tually supplanted by a completely unrelated inbred. More 
recently, B73 improvement programs have been tried, and a 
number of B73-derived progenies have been commercially 
accepted. Many modern stiff-stalk commercial lines are 
improved B73’s, at least for pest resistance. 
The objective of a plant breeder When developing a neW 
inbred line of maiZe is to combine the highest number of 
desirable alleles into a single isolate as possible. No parent 
line contains all desirable alleles at all loci, and the breeder 
hopes to introgress a higher frequency of favorable alleles 
into resulting progenies. HoWever, With the current state of 
the art, a breeder is generally not able to de?ne Which allele 
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at any given locus is desirable, and for most traits of interest, 
he does not have information about Which genetic loci are 
involved in in?uencing the trait. His primary tool to measure 
the genotypes of progenies is phenotypic evaluation. The 
phenotype of a plant is in?uenced both by its genotype and 
the environment in Which it is groWn, so the phenotypic 
measure of a plant is only an indirect measure of its 
genotype. When environmental effects are large relative to 
the genotypic effects, it is said that the trait has loW herita 
bility. The breeder must evaluate traits of loW heritability in 
many different environments in order to be reasonably sure 
that he has an accurate estimate of the genotypic effect. 
Productivity of marketable grain is such a trait, according to 
years of breeding experience and numerous scienti?c pub 
lications. 
The requirement of evaluating genotypes in different 
environments places serious restraints on the maiZe breeder 
in terms of the number of genotypes the breeder Will be able 
to evaluate. The large number of possible genotypes, 
coupled With the small sample siZe from a segregating 
population, make it uncertain that a breeder Will be able to 
invent a neW maiZe inbred line Which is a measurable 
improvement over its parents. The invention of neW inbred 
lines and of neW hybrids is extremely important to the 
companies in the hybrid seed maiZe industry that have 
investments in research. Much effort is given to the research 
and development of these inbreds and hybrids. The breeding 
and selection of inbred lines involves many years of 
inbreeding, skilled selection, correct statistical testing, and 
decision making. 
According to US. Pat. No. 5,330,547 issued Jul. 19, 1994 
to Mary W. Eubanks (Which is incorporated herein by 
reference), maiZe is a monoecious grass, i.e., it has separate 
male and female ?oWers. The staminate, i.e., pollen 
producing, ?oWers are produced in the tassel and the pistil 
late or female ?oWers are produced on the shoot. Pollination 
is accomplished by the transfer of pollen from the tassel to 
the silks. Since maiZe is naturally cross-pollinated, con 
trolled pollination, in Which pollen collected from the tassel 
of one plant is transferred by hand to the silks of another 
plant, is a technique used in maiZe breeding. The steps 
involved in making controlled crosses and self-pollinations 
in maiZe are as folloWs: (1) the ear emerging from the leaf 
shoot is covered With an ear shoot bag one or tWo days 
before the silks emerge to prevent pollination; (2) on the day 
before making a pollination, the ear shoot bag is removed 
momentarily to cut back the silks, then is immediately 
placed back over the ear; (3) on the day before making a 
pollination, the tassel is covered With a tassel bag to collect 
pollen; (3) on the day of pollination, the tassel bag With the 
desired pollen is carried to the plant for crossing, the ear 
shoot bag is removed and the pollen dusted on the silk brush, 
the tassel bag is then immediately fastened in place over the 
shoot to protect the developing ear. 
Wild relatives of crop plants are an important source of 
genetic diversity and genes Well adapted to many different 
stresses. The Wild relatives of maiZe include annual teosinte 
(Zea mexicana), perennial teosinte and Tripsacum. Trip 
sacum is a more distant relative of maiZe With a different 
haploid chromosome number (n=18). The progeny of (maiZe 
X Tripsacum) obtained by arti?cial methods are thought to 
be all male sterile and have limited female fertility When 
pollinated by maiZe pollen. Cytogenetic studies of maiZe 
Tripsacum hybrids shoW partial chromosome pairing and 
homology betWeen segments of Tripsacum and maiZe chro 
mosomes (Maguire, M. P., 1961, Evolution 15:394—400; 
Maguire, M. P., 1963, Genetics 48:1185—1194; Chaganti, R. 
US 6,639,132 B1 
7 
S. K., 1965, Bussey Inst. Harv. Univ., 93p.; Galinat, W. C., 
1974, Evolution 27:644—655). In spite of strong cross 
incompatibility, the fact that maize and Tripsacum chromo 
somes can occasionally pair With one another enables lim 
ited transfer of Tripsacum genes into maiZe. 
Successful introgression of Tripsacum genetic material 
into maiZe heretofore has required years of complicated, 
high-risk breeding programs that involve many backcross 
generations to stabiliZe desirable Tripsacum genes in maiZe. 
According to Kindiger and Beckett: “Tripsacum may be 
expected to contain valuable agronomic characters . . . that 
could be exploited for the overall improvement of maiZe. An 
effective procedure to transfer Tripsacum germ plasm into 
maiZe has been needed by maiZe breeders and geneticists for 
many years” (1990, p. 495). Bene?cial traits that may be 
derived from Tripsacum include heat and drought tolerance 
(Reeves, R. G. and Bockholt, A. J., 1964, Crop Sci. 4:7—10), 
elements of apomixis, increased heterosis (Reeves and 
Bockholt 1964; Cohen, J. I. and Galinat, W. C., 1984, Crop. 
Sci. 24:1011—1015), resistance to corn root Worm (Branson, 
T. E, 1971, Ann. Entomol. Soc. Am. 64:861—863), corn leaf 
aphid, northern and southern leaf blight, common rust, 
anthracnose, fusarium stalk rot and SteWart’s bacterial blight 
(Berquist, R. R., 1981, Sci. Monogr. Univ. Wyo. Agric. Exp. 
Stn., The Station 71:518—520; de Wet, J. M. J., 1979, 
Broadening the Genetic base of crops, PUDOC, Center for 
Agricultural Publishing and Documentation, 203—210, 
Zevon, A. C. and van Harten, A. M. (eds.), Wageningen, 
Netherlands). Plant breeders acknowledge Tripsacum has 
signi?cant potential for improving corn by expanding its 
genetic diversity (Cohen, J. I. and Galinat, W. C., 1984; 
Poehlman, J. M., 1987, Breeding Field Crops, 3rd Ed., AVI 
Pub. Co., 451—453). The limited fertility of maiZe 
Tripsacum hybrids presents a signi?cant biological barrier to 
gene ?oW betWeen these species. 
Zea mays X Tripsacum plants have unreduced gametes 
With 28 chromosomes, one set of 10 Zea chromosomes and 
one set of 18 Tripsacum chromosomes. There has been one 
report of a successful reciprocal cross of Tripsacum polli 
nated by maiZe in Which embryo culture techniques Were 
used to bring the embryo to maturity. The plants Were sterile 
(Farquharson 1957). This (Tripsacura X maiZe) plant Was 
employed by Branson and Guss (1972) in tests for rootWorm 
resistance in maiZe-Tripsacum hybrids. When the (maiZe X 
Tripsacura) hybrid has been crossed With either annual 
teosinte or diploperennis, a trigenomic hybrid has been 
produced that has a total of 38 chromosomes; 10 from 
maiZe, 18 from Tripsacum and 10 from teosinte. The result 
ing trigenomic plants Were all male sterile and had a high 
degree of female infertility. 
What are needed are corn lines having compositions of 
protein, oil, and starch that are signi?cantly different from 
the compositions found in conventional corn lines. 
SUMMARY OF THE INVENTION 
According to the invention, there are provided novel 
introgressed corn lines containing genetic material from 
Tripsacurn dactyloides L., Wherein, in the breeding 
procedure, selections have been made both for yield, kernel 
siZe, stalk strength, pest resistance, and other maiZe-like 
qualities, as Well as selecting for desirable neW traits, such 
as high protein content, high oil content, high oleic acid 
content, high or loW saturated oil content, and/or starch 
having unique thermal characteristics. The desirable neW 
traits are contributed by the introgression of Tripsacum 
genetic material into corn lines and the selection process. 
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Summary of High-protein and/or High-oil Corn 
Lines 
According to one embodiment of the invention, there is 
provided a novel inbred (maiZe) corn line, designated GC, 
that provides higher protein content than conventional corn 
lines, higher oil content than conventional corn lines, or both 
higher protein and higher oil than conventional corn lines. 
(In the present description, the general designation “GC” 
folloWed by “#” and a four-digit plant line number Will refer 
to any of the speci?c corn lines that are listed in the next 
paragraph.) This invention thus relates to the seeds of a GC 
inbred maiZe line, to the plants of a GC inbred maiZe line, 
to the pollen of a GC inbred maiZe line, and to methods for 
producing a maiZe plant produced by crossing a GC inbred 
line With itself, another GC line or another maiZe line. This 
invention further relates to hybrid maiZe seeds and plants 
produced by crossing a GC inbred line With either another 
GC line or With another maiZe line. 
According to one embodiment of the invention, there are 
provided corn lines based on introgressions betWeen and 
among selected recovered lines of maiZexTripsacum mate 
rial (said recovered lines including #5S1, #13S1, #15S1), 
and publicly available inbred lines including A632, B73, 
W153R, and Mo17. At least some of the selections Were 
based initially on high oleic-acid content and high saturated 
fatty-acid content. 
Another aspect of the present invention provides seed of 
high-protein inbred corn lines designated GC#3892, 
GC#3805, GC#3978, GC#3728, GC#3963, GC#3642, 
GC#3781, or GC#3663, high-oil inbred corn lines desig 
nated GC#4066, GC#3886, GC#3831, GC#3833, GC#3641, 
GC#3839, GC#3822, GC#3930, GC#3969, GC#3696, 
GC#3829, GC#3713, GC#4037, GC#3700, GC#3901, 
GC#3809, GC#3689, GC#3640, GC#3723, GC#3821, 
GC#3892, GC#3697, GC#4053, GC#3711, GC#3712, 
GC#3823, GC#3694, GC#3838, GC#3717, GC#3687, 
GC#3968, GC#4151, GC#3941, GC#3695, GC#3806, 
GC#3926, GC#3896, GC#3808, GC#3927, GC#3719, or 
GC#3810, or high-protein-and high-oil inbred corn lines 
designated GC#3847, GC#3763, GC#3913, GC#3753, 
GC#3820, GC#3905, GC#3815, GC#3911, GC#3646, 
GC#3951, GC#4026, GC#3692, GC#3929, GC#3978, 
GC#3807, GC#3643, GC#4090, GC#3961, GC#3922, 
GC#3631, GC#3812, GC#3716, GC#3691, GC#3674, 
GC#3714, GC#4020, GC#3636, GC#1330, GC#3747, 
GC#3933, GC#3932, GC#3924, GC#3762, GC#3971, 
GC#3904, GC#3956, GC#4158, GC#3964, GC#4030, 
GC#4054, or GC#1324 (collectively, “GC inbred maiZe 
lines”). In one embodiment, the present invention provides 
a “?rst” corn plant produced by said seed or regenerable 
parts of said seed (the term “?rst” corn plant refers to an 
arbitrary plant produced by said seed or regenerable parts of 
said seed). 
In another embodiment, the present invention provides 
seed of the ?rst corn plant. In yet another embodiment, the 
present invention provides pollen of the ?rst corn plant. In 
one such embodiment, the present invention provides seed 
of a corn plant pollinated by such pollen. 
In another embodiment, the present invention provides an 
ovule of the ?rst corn plant produced by said seed or 
regenerable parts of said seed. 
In yet another embodiment, the present invention pro 
vides a corn plant having all the physiological and morpho 
logical characteristics of the ?rst corn plant. 
Another aspect of the present invention provides a tissue 
culture of regenerable cells, Wherein the cells include 
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genetic material derived, in Whole or in part, from high 
protein and/or high-oil inbred corn lines of the invention as 
designated above, and Wherein the cells are regenerable into 
plants having the morphological and physiological charac 
teristics of the respective GC inbred corn lines. 
In yet another embodiment, the present invention pro 
vides a tissue culture comprising cultured cells derived, in 
Whole or in part, from a plant part of a plant of the present 
invention, Wherein the plant part is selected from the group 
consisting of leaves, roots, root tips, root hairs, anthers, 
pistils, stamens, pollen, ovules, ?oWers, seeds, embryos, 
stems, buds, cotyledons, hypocotyls, cells and protoplasts. 
In one such embodiment, a corn plant is regenerated from 
the tissue culture, the corn plant having all the morphologi 
cal and physiological characteristics of the respective GC 
inbred corn lines. 
In yet another embodiment, the present invention pro 
vides a method for producing high-protein content or high 
oil content or high-protein and high-oil content corn seed 
comprising the step: crossing a ?rst parent corn plant With a 
second parent corn plant and harvesting resultant ?rst 
generation (F1) hybrid corn seed, Wherein said ?rst or 
second parent corn plant is the ?rst corn plant described 
above. 
Another aspect of the present invention provides a method 
for breeding and selecting corn including the steps of: (a) 
introgressing plants of a corn line With plants of genus 
Tripsacum, to obtain genetic material; (b) groWing corn 
plants from the genetic material resulting from the intro 
gressing step of step (a) to obtain seeds; and (c) selecting 
from among the seed of the corn plants of step (b) those 
seeds having superior protein content or oil content or both. 
In one such embodiment, the method further includes the 
step of: (d) creating an inbred corn line derived from the 
selected seeds of step In another such embodiment, the 
method further includes the step of: (e) crossing the inbred 
corn line With another inbred corn line to obtain hybrid 
seeds. In yet another such embodiment, the method further 
includes the step of: generating plants from the hybrid 
seeds resulting from step (e). In still another such 
embodiment, the method further includes the step of: (g) 
generating a tissue culture of regenerable cells from genetic 
material derived from the plants resulting from step (b), said 
tissue culture derived, in Whole or in part, from a plant part 
selected from the group consisting of leaves, roots, root tips, 
root hairs, anthers, pistils, stamens, pollen, ovules, ?oWers, 
seeds, embryos, stems, buds, cotyledons, hypocotyls, cells 
and protoplasts. 
Yet another aspect of the present invention provides seed 
of a corn variety, said variety having greater than or equal to 
about 10% protein at 0% moisture content. In one 
embodiment, the seed have greater than or equal to about 
15% protein at 0% moisture content, and greater than or 
equal to about 12% protein at 15% moisture content. In 
another embodiment, the seed have greater than or equal to 
about 17% protein at 0% moisture content, and greater than 
or equal to about 14% protein at 15% moisture content. In 
yet another embodiment, the seed have greater than or equal 
to about 4% oil at 0% moisture content, and greater than or 
equal to about 3.5% oil at 15% moisture content. 
In one such embodiment, said corn variety has genetic 
material derived from a plant of genus Tripsacum. In another 
such embodiment, the corn variety has genetic material 
derived from a plant of T ripsacum dactyloia'es L. 
Another aspect of the present invention provides a second 
corn plant, or its parts, produced by such seed or regenerable 
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parts of said seed. In another embodiment, the present 
invention provides seed of the second corn plant. In yet 
another embodiment, the present invention provides pollen 
of the second corn plant. In still another embodiment, the 
present invention provides seed of a corn plant pollinated by 
the pollen of the second corn plant. 
Summary of High-oleic Acid High-oil Corn Lines 
A. In one embodiment, the present invention provides a corn 
seed having an oleic acid content of approximately 50% 
or greater, relative to the total fatty acid content of said 
seed, and having a Weight per seed of greater than about 
0.15 gram. 
B. In one embodiment, the present invention provides a corn 
seed having an oleic acid content of approximately 50% 
or greater, relative to the total fatty acid content of said 
seed, and having a Weight per seed of greater than about 
0.15 gram, Wherein said seed is the product of a cross 
betWeen (A) a ?rst parent from a corn line that is 
true-breeding for said oleic acid content and (B) a parent 
from a second corn line. 
C. In one embodiment, the present invention provides a corn 
seed having an oleic acid content of approximately 50% 
or greater, relative to the total fatty acid content of said 
seed, and having a Weight per seed of greater than about 
0.15 gram, Wherein said seed is the product of a cross 
betWeen (A) a ?rst parent from a corn line that is 
true-breeding for said oleic acid content and (B) a parent 
from a second corn line, Wherein said oleic acid content 
is about 60% or greater. 
D. In one embodiment, the present invention provides a corn 
seed having an oleic acid content of approximately 50% 
or greater, relative to the total fatty acid content of said 
seed, and having a Weight per seed of greater than about 
0.15 gram, Wherein said seed is the product of a cross 
betWeen (A) a ?rst parent from a corn line that is 
true-breeding for said oleic acid content and (B) a parent 
from a second corn line, Wherein said oleic acid content 
is about 60% or greater, Wherein said oleic acid content is 
about 65% or greater. 
E. In one embodiment, the present invention provides a corn 
seed having an oleic acid content of approximately 50% 
or greater, relative to the total fatty acid content of said 
seed, and having a Weight per seed of greater than about 
0.15 gram, Wherein said seed is the product of a cross 
betWeen (A) a ?rst parent from a corn line that is 
true-breeding for said oleic acid content and (B) a parent 
from a second corn line, Wherein said oleic acid content 
is about 60% or greater, Wherein said oleic acid content is 
about 70% or greater. 
F. In one embodiment, the present invention provides a corn 
seed having an oleic acid content of approximately 50% 
or greater, relative to the total fatty acid content of said 
seed, and having a Weight per seed of greater than about 
0.15 gram, Wherein said oleic acid content is betWeen 
about 60% and about 70%. 
G. In one embodiment, the present invention provides a corn 
seed having an oleic acid content of approximately 50% 
or greater, relative to the total fatty acid content of said 
seed, and having a Weight per seed of greater than about 
0.15 gram, said seed being the product of a corn plant 
having the characteristics of a GC inbred corn line. 
I. In one embodiment, the present invention provides a corn 
seed comprising a yelloW seed coat and having an oleic 
acid content of approximately 50% or greater, relative to 
the total fatty acid content of said seed, said seed being the 
product of a cross betWeen (A) a ?rst parent from a corn 
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line that is true-breeding for said oleic acid content and for 
said yellow seed coat and (B) a second parent, Wherein 
said ?rst parent comprises germplasm encoding said oleic 
acid content and said second parent comprises a genetic 
determinant for yellow or White seed color. 
J. In one embodiment, the present invention provides a corn 
seed comprising a yelloW seed coat and having an oleic 
acid content of approximately 50% or greater, relative to 
the total fatty acid content of said seed, said seed being the 
product of a cross betWeen (A) a ?rst parent from a corn 
line that is true-breeding for said oleic acid content and for 
said yelloW seed coat and (B) a second parent, Wherein 
said ?rst parent comprises germplasm encoding said oleic 
acid content and said second parent comprises a genetic 
determinant for White seed color, Wherein said ?rst parent 
is from a GC inbred corn line. 
K. In one embodiment, the present invention provides a corn 
seed comprising a yelloW seed coat and having an oleic 
acid content of approximately 50% or greater, relative to 
the total fatty acid content of said seed, said seed being the 
product of a cross betWeen (A) a ?rst parent from a corn 
line that is true-breeding for said oleic acid content and for 
said yelloW seed coat and (B) a second parent, Wherein 
said ?rst parent comprises germplasm encoding said oleic 
acid content and said second parent comprises a genetic 
determinant for White seed color, said seed being the 
product of a corn plant having the characteristics of a line 
selected from the group consisting of a GC inbred corn 
line and a corn line based on a GC inbred corn line. 
L. In one embodiment, the present invention provides a corn 
seed comprising a yelloW seed coat and having an oleic 
acid content of approximately 50% or greater, relative to 
the total fatty acid content of said seed, said seed being the 
product of a cross betWeen (A) a ?rst parent from a corn 
line that is true-breeding for said oleic acid content and for 
said yelloW seed coat and (B) a second parent, Wherein 
said ?rst parent comprises germplasm encoding said oleic 
acid content and said second parent comprises a genetic 
determinant for White seed color, said seed being the 
product of a corn plant having the characteristics of a line 
selected from the group consisting of a GC inbred corn 
line and a corn-line based on a GC inbred corn line. 
M. In one embodiment, the present invention provides a 
corn seed comprising a White seed coat and having oleic 
acid content of approximately 60% or greater, relative to 
the total fatty acid content of said seed, said seed being the 
product of a cross betWeen (A) a ?rst parent from a corn 
line that is true-breeding for said oleic acid content and 
(B) a second parent. 
N. In one embodiment, the present invention provides a corn 
seed comprising a White seed coat and having oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seed, said seed being the 
product of a cross betWeen (A) a ?rst parent from a corn 
line that is true-breeding for said oleic acid content and 
(B) a second parent, Wherein one of said ?rst and second 
parents comprises a genetic determinant for White seed 
color. 
O. In one embodiment, the present invention provides a corn 
seed comprising a White seed coat and having oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seed, said seed being the 
product of a cross betWeen (A) a ?rst parent from a corn 
line that is true-breeding for said oleic acid content and 
(B) a second parent, Wherein one of said ?rst and second 
parents comprises a genetic determinant for White seed 
color, Wherein said second parent is from a corn line that 
is true-breeding for said oleic acid content. 
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P. In one embodiment, the present invention provides a corn 
plant that produces seeds that have an oleic acid content 
of approximately 50% or greater, relative to the total fatty 
acid content of said seed, and that have a Weight per seed 
of greater than about 0.15 gram. 
Q. In one embodiment, the present invention provides a corn 
plant that produces seeds that have an oleic acid content 
of approximately 50% or greater, relative to the total fatty 
acid content of said seed, and that have a Weight per seed 
of greater than about 0.15 gram, Wherein said oleic acid 
content is betWeen about 60% and about 70%. 
R. In one embodiment, the present invention provides a 
method for producing a yelloW-coated corn seed having 
an oleic acid content of approximately 50% or greater by 
Weight, comprising the step of crossing (A) a ?rst parent 
that comprises Tripsacum germplasm encoding said oleic 
acid content With (B) a second parent that comprises a 
genetic determinant for yelloW seed color. 
S. In one embodiment, the present invention provides a 
method for producing a yelloW-coated corn seed having 
an oleic acid content of approximately 50% or greater by 
Weight, comprising the step of crossing (A) a ?rst parent 
that comprises Tripsacum germplasm encoding said oleic 
acid content With (B) a second parent that comprises a 
genetic determinant for yelloW seed color, Wherein both 
of said ?rst and second parents are true-breeding for said 
yelloW seed color. 
T. In one embodiment, the present invention provides a 
method for producing a White-coated corn seed having an 
oleic acid content of approximately 50% or greater by 
Weight, comprising the step of crossing (A) a ?rst parent 
that yields White seed With (B) a second parent that 
comprises Tripsacum germplasm encoding, and that is 
true-breeding for, said oleic acid content. 
U. In one embodiment, the present invention provides a 
product consisting of a substantially homogeneous assem 
blage of corn seeds that has an oleic acid content of 
approximately 50% or greater, relative to the total fatty 
acid content of said seeds. 
V. In one embodiment, the present invention provides a 
corn-seed product consisting of a substantially homoge 
neous assemblage of corn seeds that have an oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seeds, said seeds being the 
product of a cross betWeen (A) parents from a ?rst corn 
line that is true-breeding for said oleic acid content and 
(B) parents from a second corn line. 
W. In one embodiment, the present invention provides a 
corn-seed product consisting of a substantially homoge 
neous assemblage of corn seeds that have an oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seeds, said seeds being the 
product of a cross betWeen (A) parents from a ?rst corn 
line that is true-breeding for said oleic acid content and 
(B) parents from a second corn line, Wherein said oleic 
acid content is about 60% or greater. 
X. In one embodiment, the present invention provides a 
corn-seed product consisting of a substantially homoge 
neous assemblage of corn seeds that have an oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seeds, said seeds being the 
product of a cross betWeen (A) parents from a ?rst corn 
line that is true-breeding for said oleic acid content and 
(B) parents from a second corn line, Wherein said oleic 
acid content is about 65% or greater. 
Y. In one embodiment, the present invention provides a 
corn-seed product consisting of a substantially homoge 
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neous assemblage of corn seeds that have an oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seeds, said seeds being the 
product of a cross betWeen (A) parents from a ?rst corn 
line that is true-breeding for said oleic acid content and 
(B) parents from a second corn line, Wherein said oleic 
acid content is about 70% or greater. 
Z. In one embodiment, the present invention provides a 
corn-seed product consisting of a substantially homoge 
neous assemblage of corn seeds that have an oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seeds, said seeds being the 
product of a cross betWeen (A) parents from a ?rst corn 
line that is true-breeding for said oleic acid content and 
(B) parents from a second corn line, Wherein said seeds 
each comprise a White seed coat. 
AA. In one embodiment, the present invention provides a 
corn-seed product consisting of a substantially homoge 
neous assemblage of corn seeds that have an oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seeds, said seeds being the 
product of a cross betWeen (A) parents from a ?rst corn 
line that is true-breeding for said oleic acid content and 
(B) parents from a second corn line, Wherein said seeds 
each comprise a yelloW seed coat. 
BB. In one embodiment, the present invention provides a 
corn-seed product consisting of a substantially homoge 
neous assemblage of corn seeds that have an oleic acid 
content of approximately 60% or greater, relative to the 
total fatty acid content of said seeds, said seeds being the 
product of a cross betWeen (A) parents from a ?rst corn 
line that is true-breeding for said oleic acid content and 
(B) parents from a second corn line, Wherein said corn 
seeds, When groWn under temperature conditions ranging 
from those of a northern climate to those of a southern 
climate, yield plants that produce seeds displaying a 
variation in said oleic acid content of about 4 to 5% by 
Weight or less. 
CC. In one embodiment, the present invention provides a 
corn line consisting of a substantially uniform population 
of Zea Mays L. plants that produce seeds having an oleic 
acid content of approximately 60% or greater, relative to 
the total fatty acid content of said seeds, said line being 
true-breeding for said oleic acid content. 
DD. In one embodiment, the present invention provides a 
corn line consisting of a substantially uniform population 
of Zea Mays L. plants that produce seeds having an oleic 
acid content of approximately 60% or greater, relative to 
the total fatty acid content of said seeds, said line being 
true-breeding for said oleic acid content, Wherein said 
oleic acid content is about 60% or greater. 
EE. In one embodiment, the present invention provides a 
corn line consisting of a substantially uniform population 
of Zea Mays L. plants that produce seeds having an oleic 
acid content of approximately 60% or greater, relative to 
the total fatty acid content of said seeds, said line being 
true-breeding for said oleic acid content, Wherein said 
oleic acid content is about 65% or greater. 
FF. In one embodiment, the present invention provides a 
corn line consisting of a substantially uniform population 
of Zea Mays L. plants that produce seeds having an oleic 
acid content of approximately 60% or greater, relative to 
the total fatty acid content of said seeds, said line being 
true-breeding for said oleic acid content, Wherein said 
oleic acid content is about 70% or greater. 
GG. In one embodiment, the present invention provides a 
corn line consisting of a substantially uniform population 
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of Zea Mays L. plants that produce seeds having an oleic 
acid content of approximately 60% or greater, relative to 
the total fatty acid content of said seeds, said line being 
true-breeding for said oleic acid content, Wherein said 
seeds each comprise a White seed coat. 
HH. In one embodiment, the present invention provides a 
corn line consisting of a substantially uniform population 
of Zea Mays L. plants that produce seeds having an oleic 
acid content of approximately 60% or greater, relative to 
the total fatty acid content of said seeds, said line being 
true-breeding for said oleic acid content, Wherein said 
seeds each comprise a yelloW seed coat. 
II. In one embodiment, the present invention provides a corn 
seed having an oleic acid content of approximately 50% 
or greater, relative to the total fatty acid content of said 
seed, and having a Weight per seed of greater than about 
0.15 gram, Wherein said corn seed is true-breeding for 
said oleic acid content. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1A shoWs a Tripsacum dactyloia'es plant at ca. 365 
days. 
FIG. 1B shoWs a cornxTripsacum dactyloia'es F1 hybrid 
plant at ca. 284 days. 
FIG. 1C shoWs a corn plant of the type used as a parent 
of the plant in FIG. 1B. 
FIG. 2 is a electron microphotograph of normal corn 
starch granules (corn starch from Sigma). 
FIG. 3 is a DSC thermograph of normal corn starch 
granules (starch from Sigma). 
FIG. 4 is a electron microphotograph of corn starch 
granules from introgressed corn of the present invention 
(GC#1322 variety). 
FIG. 5 is a DSC thermograph of corn starch granules from 
introgressed corn of the present invention (GC#1322 
variety). 
FIG. 6 is a electron microphotograph of corn starch 
granules from introgressed corn of the present invention 
(GC#1292 variety). 
FIG. 7 is a DSC thermograph of corn starch granules from 
introgressed corn of the present invention (GC#1292 
variety). 
FIG. 8 is a representation of a DSC thermograph of corn 
starch granules of the present invention and having multiple 
peaks. 
DESCRIPTION OF PREFERRED 
EMBODIMENTS 
In the folloWing detailed description of the preferred 
embodiments, reference is made to the accompanying draW 
ings that form a part hereof, and in Which are shoWn by Way 
of illustration speci?c embodiments in Which the invention 
may be practiced. It is understood that other embodiments 
may be utiliZed and structural changes may be made Without 
departing from the scope of the present invention. 
The present invention is directed to a corn plant that 
includes genetic material from Tripsacum, and in particular, 
Tripsacum dactyloia'es L. (common name Eastern 
Gamagrass, or Fakahatchee Grass.) More particularly, the 
seed from the invented corn plant of one embodiment is 
signi?cantly higher in protein and/or oil content than con 
ventional Corn-Belt lines. 
FIG. 1A shoWs a Tripsacum dactyloia'es plant at ca. 365 
days. FIG. 1B shoWs a cornxTripsacum dactyloia'es F1 
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hybrid plant at ca. 284 days. FIG. 1C shows a corn plant of 
the type used as a parent of the plant in FIG. 1B. Increased 
Genetic Diversity for the Present Invention To ?nd sources 
of genetic variability, corn lines introgressed With genes 
from Tripsacum, a Wild relative of corn, Were evaluated for 
grain and oil quality traits. The original TripsacumxmaiZe 
introgressed lines had numerous shortcomings such as poor 
yield, stalk problems, unusual grain color, etc. The pheno 
typic description of the original TripsacumxmaiZe intro 
gressed population is as folloWs: there Was a large variation 
in plant height (range 5—8 feet), the ears Were small (1—3 
inches), and there Was a Wide variation in kernel color 
(various ears Were entirely broWn, copper, yelloW, orange, 
purple, black, orange or tan, some ears had kernels that Were 
tWo tone, e.g., yelloW With areas of tan). There Were many 
male-sterile plants (the tassels had no anthers, or the anthers 
had no pollen. There Were also many female-sterile plants 
(the ears had silk, but no seed Was produced When 
pollinated). Some plants had tassel ears (i.e., seeds Were 
produced in the tassels) and other plants had ear tassels 
(pollen-generating structures in the ears), both of Which are 
considered undesirable. Almost all the plants had skinny 
stalks, not substantial enough to hold the plant upright, 
especially if the plant had one or more large ears of corn. 
Many plants had massive tillering (multiple stalks branching 
from the base of the plant—see FIG. 1A, these multiple 
stalks can lodge (fall over) or jam in the harvesting 
machinery). The original population had a Wide range of 
oleic acid content. Seeds Were measured, segregating for 
fatty acid composition, e.g., oleic acid values ranged from 
19.56% to 57.9%. Other shortcomings of the original Trip 
sacumxmaiZe introgressed population included very poor 
overall agronomic traits, e.g., it Was disease- and insect 
damage susceptible. The ear heights on the plants varied 
from plant-to-plant; farmers prefer to have ear heights 
uniform to facilitate machine harvest. The kernels Were 
colored; customers prefer to have a yelloW grain color. The 
Weak stalks fell over (lodged), unable to support the Weight 
of the much larger ear that resulted from introgressing and 
backcrossing maiZe genetics. There Were branched (forked) 
clusters of ear; farmers prefer to have one unbranched ear for 
automated harvesting and removal of the seed from the ear. 
The ears Were small, and the kernels on the ears Were small. 
Finally, the ?oWering dates among the population Were 
nonuniform betWeen plants. It is preferable to have a short 
?oWering period, so that plants Will mature at the same time 
for harvest. 
This invention is also directed to methods for producing 
a corn plant by crossing a ?rst parent corn plant With a 
second parent corn plant Wherein the ?rst or second corn 
plant is an inbred corn plant from a GC inbred line. Further, 
both ?rst and second parent corn plants may be from either 
GC inbred line. Thus, any methods using the GC inbred corn 
line are part of the invention, including backcrosses, hybrid 
breeding, and crosses to other populations. Any plants 
produced using a GC inbred corn line as a parent are Within 
the scope of this invention. One preferred use of the GC 
inbred corn line is for the production of ?rst-generation (F1) 
corn hybrid seeds Which produce plants With superior 
characteristics, by crossing GC (either as a seed line or as a 
pollen line) to another, distinct inbred line, both for sale to 
groWers to produce market grain, and for inbreeding and 
development of improved inbred lines by its proprietors. A 
second important use of this inbred line is for the production 
of GC inbred seed, by crossing GC With another plant of GC, 
or by directly self-pollinating a plant of a GC inbred corn 
line. 
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As used herein, the term “plant” includes one or more 
plant cells, plant protoplasts, plant cells of tissue culture 
from Which corn plants can be regenerated, plant calli, plant 
clumps, and plant cells that are intact in plants or parts of 
plants, such as pollen, ?oWers, kernels, ears, cobs, leaves, 
husks, stalks, and the like. Thus another aspect of this 
invention is to provide for cells Which upon groWth and 
differentiation produce the inbred lines that are cited here by 
the general designation GC. 
Transformation, a technique from molecular biology, noW 
offers opportunity for the asexual transfer of genes that 
heretofore could only be achieved by crossing different plant 
strains. In order for breeders to employ gene transfer via 
transformation, they ?rst have to be able to achieve plant 
regeneration from calli or protoplasts. Although transforma 
tion has been successfully performed in maiZe (Gordan 
Kamm et al. 1990), there is limitation in developing trans 
genic maiZe due to the difficulties of plant regeneration from 
maiZe protoplasts (Potrykus, I., 1990, Bio/Technol. 
8:535—542). The problem is that there are very feW maiZe 
lines that can be successfully regenerated from maiZe pro 
toplasts. In order for transformation to be useful for com 
mercial hybrid seed production, it Will be necessary to have 
inbred lines amenable to the transgenic process that can be 
regenerated by tissue culture. 
Techniques involving the tissue culture of maiZe cells and 
plant parts have been developed to the point that it is noW 
possible to regenerate plants from nearly all genotypes, by 
varying the culture media in Which the cells or parts are 
cultured. Based upon experience With other inbreds With 
someWhat similar genetic background, it is anticipated that 
inbred corn line GC, the invention to be described next, Will 
readily provide regenerable cells in culture of cells or plant 
parts. 
Corn oil from Corn-Belt lines has a very narroW range for 
fatty acid composition. Historically, this narroW-range 
resulted from using genetically uniform material to create 
the modern Corn-Belt hybrids. According to the present 
invention, neW genes from a novel source, viZ. Tripsacum 
dactyloia'es L., are introduced into the Corn-Belt genome 
and thus genetic diversity is increased and germplasm and 
value-added trait enhancement are alloWed through tradi 
tional plant-breeding practices. 
As used herein “introgression” involves conventional 
pollination breeding techniques to incorporate foreign 
genetic material into a line of breeding stock. Apopulation 
of corn introgressed With genes from related species Was 
screened for unique value-added traits. The introgressed 
lines With useful oil quality traits Were crossed to Corn-Belt 
inbreds in an attempt to alter the fatty acid composition of 
the Corn-Belt material. Recovered parental introgressed 
corn lines With desirable fatty acid pro?les Were reciprocally 
crossed to Corn-Belt inbreds. These breeding crosses Were 
self-pollinated and backcrossed for several generations to 
create neW inbreds With enhanced oil quality. The fatty acids 
targeted for improvement Were oleic acid and total saturated 
fatty acids (palmitic and stearic acids). The breeding pro 
gram successfully resulted in markedly higher oleic acid 
composition and signi?cantly loWer total saturated fatty acid 
composition. 
Corn lines With both high protein and high oil composi 
tions Were created using traditional plant breeding tech 
niques of cross- and self-pollination With public Corn-Belt 
inbred lines and corn lines introgressed With Tripsacum 
dactyloia'es L. These lines can be used as breeding lines in 
a commercial corn breeding program to develop elite pro 
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prietary lines With higher levels of both protein and oil. The 
elite lines Would be parents in high-yielding commercial 
hybrids designed for feed use. 
Diploid T ripsacum dactyloides is (2n=36). Diploid maize 
is (2n=20). When these tWo species are crossed, n=18 
chromosomes are contributed by the Tripsacum, and n=10 
chromosomes are contributed by the maiZe. Such ?rst 
generation (F1) hybrids are commercially unsatisfactory 
from a number of standpoints, such as appearance, color, 
stalk, etc.; hoWever, they are used for such purposes as 
colored ornamental corn, or as sources for corn apomixis (a 
sexual generation of seed in a ?eld-groWn ear Wherein the 
seed having approximately 100% genetic material from the 
mother plant, in order to achieve plants that breed true 
Without the trouble of generating hybrids from inbred lines). 
Colored ornamental corn is unsatisfactory for a number of 
industrial food purposes for Which White or lightly colored 
ingredients are preferred. On the other hand, for purposes in 
Which colored corn ingredients are Wanted, such as for red 
or blue corn chips, it is contemplated by the present inven 
tion to select for seed that produce such characteristics. 
A self-cross of a (2n=28) F1 maiZe-Tripsacum hybrid to 
itself causes some amount of Tripsacum genetic material to 
cross over to maiZe chromosomes. Abackcross of a (2n=28) 
F1 maiZe-Tripsacum hybrid to a maiZe parent line also 
causes some amount of Tripsacum genetic material to cross 
over to maiZe chromosomes. Further, such backcross 
operations, When repeated over several generations, tend to 
eventually result in (2n=20) corn lines. 
In one embodiment, the present invention uses introgres 
sion involving self-crosses of maiZe-Tripsacum hybrids and 
backcrosses of maiZe-Tripsacum hybrids to an inbred maiZe 
or corn line to incorporate Tripsacum genetic material into 
a line of corn breeding stock. Introgression of quantitative 
traits from one germplasm to another involves the identi? 
cation and segregation of favorable genotypes in isolated 
generations, folloWed by repeated backcrossing to commer 
cially acceptable cultivars. In one embodiment, the present 
invention provides selection by observation of plants having 
acceptable yield and ?eld characteristics such as stalk 
strength and compatibility With conventional harvesting 
machinery, as Well as having measurable quantitative traits 
such as high protein and/or oil content. In one embodiment, 
particular fatty acid components are selected for, such as 
palmitic or oleic acids. 
This selection procedure is generally quite feasible for 
simply inherited quantitative traits such as are sought in the 
present invention, but as the number of genes controlling a 
trait increases, screening the number of F2 segregants 
required to identify at least one individual Which represents 
the ideal (homozygous) genotype quickly becomes a pro 
hibitively complex and costly task. For example, With one 
gene and tWo alleles of equal frequency, the probability of 
recovering a desirable genotype in the F2 generation is 1/4. 
HoWever, if the number of genes is increased to 5 or 10, the 
probability of recovering an ideal genotype in the F2 popu 
lation is reduced to approximately one in one thousand and 
one in one million, respectively. Thus, to identify desirable 
segregants, one must either reduce the number of segregants 
needed or have available very efficient screening proce 
dures. Additionally, in situations Where environmental 
effects interfere With the ability to draW accurate genotypic 
information from the phenotype, large allocations of time 
and resources are required to evaluate progeny in replicated 
trials Within several target environments. Thus, other meth 
ods of selection for introgression and expression of the 
desired quantitative traits into corn lines are also contem 
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plated by the present invention. For example, the use of 
restriction fragment length polymorphisms (RFLPs) to dis 
sect multigenic traits into their individual genetic compo 
nents is contemplated, as described in US. Pat. No. 5,385, 
835 issued Jan. 31, 1995 to Timothy Helentjaris, et al. 
(entitled “Identi?cation and localization and introgression 
into plants of desired multigenic traits”), Which is incorpo 
rated herein by reference. A genome, or portion thereof, 
saturated With RFLPs or probed With select RFLP markers, 
all of Which can be evaluated together in individual plants, 
has been found to give the resolution necessary to break 
doWn traits of complex inheritance into individual loci, even 
traits signi?cantly in?uenced by environment. 
One source of genetic material used for one embodiment 
of the present invention includes a pool of introgressed lines 
of maize-Tripsacum dactyloides seeds generally attributed 
to Harlan and DeWet (Harlan J. R., De Wet J. M. J., Naik S. 
M. and Lambert R. J ., 1970—Chromosome pairing Within 
genomes in maiZe x Tripsacum hybrids; Science. 
167:1247—1248). The Zea mays parent used in the original 
crosses to Tripsacum dactyloides by Harlan and DeWet is 
said to be a standard purple maiZe inbred line, viZ. UI1974, 
Which has purple aleurone and exhibits purple kernels and 
purple plants. In one embodiment, this Harlan and DeWet 
source of genetic material is introgressed With one or more 
standard Corn-Belt varieties to obtain inbred lines that retain 
the desirable characteristics of the maiZe parent lines such as 
stiff stalks, large ears, pest resistance, and high yield, While 
also obtaining the desired characteristics of the Tripsacum, 
e.g., high protein content, high oil content, or a combination 
of high oil and high protein content. In other embodiments, 
additional desirable characteristics (such as particular types 
of fatty acid content in the oil, or pest resistance, or plants 
that generate seed by apomixis, or color) conferred from the 
Tripsacum are also selected for. Seeds from individual plants 
are tested (in one embodiment, by gas chromatography; in 
another embodiment, selection is based on near-infrared 
re?ectance measurement of protein, oil, and/or starch of 
seed) for protein and/or oil content and/or starch (and/or 
other desired characteristic), and seeds are selected for 
further breeding based on the results of the testing. In this 
Way, corn lines are developed that retain satisfactory char 
acteristics from the maiZe lines, While also acquiring supe 
rior characteristics contributed by the addition of Tripsacum 
genetic material. 
Source of Genetic Contribution in Original 
Population 
Accurate chromosome counts have not as of yet been 
performed on the lines of the present invention. The genetic 
contribution Which resulted in the advantageous traits in the 
seed from crosses of Corn Belt lines With the Tripsacum 
introgressed lines of the present invention is believed to 
have come from the Tripsacum contribution, because the 
self-pollinated plants from the original population had Trip 
sacum traits including massive tillering, thin leaves, tassel 
ears, ear tassels, small ears, small grain, and thin stalks and 
a generally grassy appearance. It is also possible that the 
traits of interest came from some other genetic source, e.g., 
via stray pollen since open pollination occurred in the parent 
lines. 
Most commercial hybrids have less than optimum protein 
and oil compositions. Commercial hybrids have an average 
of 7.4% protein and 3.3% oil on a 0% moisture basis. The 
high-protein and -oil lines according to the present invention 
have up to 18.1% protein and 5.4% oil. End users in the feed 
and food industries must supplement conventional corn With 
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protein and oil from other high-priced sources. Corn hybrids 
With optimum (i.e., elevated) levels of protein and oil of the 
present invention Would not need to be supplemented to 
meet end-user needs, or Would require supplementing to a 
lesser extent, thus reducing cost. Corn With desirable nutri 
ent content increases pro?tability for corn producers, has a 
major pro?tability advantage for producers Who feed live 
stock With their oWn corn, and increases pro?tability in the 
feed and livestock industries. Through feeding livestock, 
most of the US. corn crop is processed into meat and dairy 
products that affect everyone in our society. An economic 
advantage of corn as a higher-value feed product could be 
passed along to consumers in loWer prices or higher-quality 
products at a given price. Lines With high protein and oil 
may also have an advantage in the eXport market for buyers 
concerned With feed and food quality. They also have an 
advantage in the food industry, for marketing nutritious food 
products and stimulating the development of neW food 
products. More protein means better nutritional value for the 
product. High corn oil content in seeds yields greater 
amounts of corn oil When such grain is processed into corn 
oil, and provides an economic advantage to starch Wet 
milling. In varieties of the present invention that provide 
high oleic content, the value of corn oil processed from such 
grain tends be higher than that of normal corn oil. 
For example, at $214/ton for 44%-protein soybean meal, 
the value of a 1% increase in corn protein content (e. g., from 
8% to 9%) is about 12 cents per bushel more in value. 
LikeWise, a 1% increase in oil content yields about 14 cents 
per bushel more in value. About 20 percent of US. corn 
production is eXported each year, providing a positive con 
tribution to the nation’s trade balance, and much of this corn 
is used for feed. High-quality end-user products Would have 
a favorable impact on eXports. High-protein and/or high -oil 
corn lines have clear commercial advantages in the feed 
industry. Currently, corn used for feed is de?cient in the 
amount of protein and oil required to make an optimum feed 
product, and supplementation is therefore required. These 
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supplements increase cost and labor. Corn With optimum 
feed value Would favorably impact corn groWers Who feed 
their grain to their livestock. For eXample, an estimated 
1.064 million farmers and ranchers raise beef cattle, and 
many of these farmers groW and use their oWn feed corn. 
There are about 150,000 pork producers, most of Whom 
groW their oWn corn for feed. Optimal feed corn hybrids 
Would increase their pro?tability. 
Table 1 shoWs protein, oil, and starch content as measured 
for a number of commercial corn sources. Each of these 
three parameters is shoWn for 0% moisture and for 15% 
moisture. The EPV (economic premium value) column 
shoWs an estimation of the relative economic value provided 
by the combination of measured parameters for each variety. 
The last column shoWs an estimation of the incremental (or 
decremental) value per bushel. The last roW shoWs the 
averages for each measurement. In these measurements of 
these conventional hybrids, the average protein content Was 
7.4% at 0% moisture, and 6.3% at 15% moisture. In these 
measurements, the average oil content across all these 
conventional hybrids Was 3.3% at 0% moisture, and 2.8% at 
15% moisture. In these measurements, the average starch 
content Was 61.1% at 0% moisture, and 51.9% at 15% 
moisture. Other reports indicate an average protein content 
for corn as 10% protein, and an average oil content for corn 
as less than 5%. 
Table 2 shoWs protein, oil, and starch content as measured 
for a number of corn lines according to the present invention 
that Were selected for their high protein content. Table 3 
shoWs protein, oil, and starch content as measured for a 
number of corn lines according to the present invention that 
Were selected for their high oil content. Table 4 shoWs 
protein, oil, and starch content as measured for a number of 
corn lines according to the present invention that Were 
selected for their combined high protein and oil content. The 
corn lines shoWn in Table 4 Were the result of crossing to 
commercial line M017 Which is publicly available. These 
crosses Were groWn in replicated yield tests. 
TABLE 1 
Commercial Hybrids" 
Premium over 
Moisture Content for Each Composition** current price 
0% 0% 0% 15% 15% 15% Feed $/bu @ 
Company Hybrid Protein Oil Starch Protein Oil Starch EPV $2.72/bu 
Cargill 5677 7.5 3.1 61.2 6.4 2.6 52.0 2.57 —0.15 
DeKalb DK566 7.6 3.4 60.7 6.5 2.9 51.6 2.57 —0.15 
DeKalb DK580 7.3 3.4 61.1 6.2 2.9 51.9 2.56 —0.16 
Mycogen 2595 6.9 3.3 61.3 5.9 2.8 52.1 2.52 —0.20 
Mycogen 2674 7.9 3.4 61.0 6.7 2.9 51.9 2.60 —0.12 
DeKalb DK604 7.5 3.3 61.0 6.4 2.8 51.9 2.57 —0.15 
Pioneer 3394 7.5 3.2 61.4 6.4 2.7 52.2 2.57 —0.15 
DeKalb DK591 7.6 3.5 60.5 6.5 3.0 51.4 2.57 —0.15 
Cargill 6303 7.7 3.3 60.9 6.5 2.8 51.8 2.58 —0.14 
Middlekoop M711 7.2 3.2 61.4 6.1 2.7 52.2 2.55 —0.17 
Wyffels W552 7.1 3.2 61.6 6.0 2.7 52.4 2.54 —0.18 
Ottlie 2453 7.3 3.2 61.4 6.2 2.7 52.2 2.56 —0.16 
ICI/Garst 8541 7.4 3.5 60.8 6.3 3.0 51.7 2.57 —0.15 
Croplan Genetics 599 7 3.2 61.5 6.0 2.7 52.3 2.53 —0.19 
Golden Harvest H2530 7.1 3.4 61.2 6.0 2.9 52.0 2.54 —0.18 
AsgroW RX632 7.3 3.3 60.8 6.2 2.8 51.7 2.56 —0.16 
Pioneer 3489 7.2 3.5 61.0 6.1 3.0 51.9 2.55 —0.17 
Bioseed 9498 7.1 3.4 61.1 6.0 2.9 51.9 2.54 —0.18 
P?ster 2650 7.3 3.3 60.8 6.2 2.8 51.7 2.56 —0.16 
Crows 445 7.1 3.4 61.1 6.0 2.9 51.9 2.54 —0.18 
Terra TR1091 7.6 3.5 60.6 6.5 3.0 51.5 2.57 —0.15 
Payco 834 7.2 3.2 60.7 6.1 2.7 51.6 2.55 —0.17 


















































